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 Jakobson.Floberg.Olsson /Elrod.Adams mass conserving cavitation model  is very popular , 
however numerically difficult to manage.  
The main idea of this paper  is that  the J.F.O./E.A. model can be viewed as a compressible 
Reynolds equation with a specific density-pressure law. Approximation of this pressure -
density law originating  from a 3-dimensional model  of vaporous cavitation has been 
proposed.  This physically justified approximation covers the wide range of the pressure 
including the liquid-vapor transition.  New mass conserving algorithms are proposed . One of 
them is implicit. Main advantage of this implicit algorithm is  that it can be implemented very 
easily: exactly as the well known Christopherson algorithm. Moreover it can be extended to 
unsteady cavitation problems without difficulties. Various numerical examples are given to 
show the stability of this  kind of approximation as well as the great diminution of time 














This study investigates two algorithms proposed to solve a new cavitation model. This new 
cavitation model is based on a compressible Reynolds equation in which the density-pressure 


relation is obtained from a barotropic-isentropic assumption. It can be viewed as an 
approximation of the Jakobson-Floberg-Olsson /Elrod Adams cavitation model. Two 
algorithms are proposed to solve it. The first one is explicit  and needs a important number of 
nodes. The second is implicit and can be used for steady-state and unsteady problems. Its 
implementation is easy and needs only minor modifications for a computer code in which 
cavitation is ignored. It can also be used to compute the solution of the usual J.F.O./E.A.  

















A new cavitation model as an approximation of usual Jakobsson-Floberg-Olsson/Elrod-
Adams  model 
New implicit Cavitation algorithm proposed for both J.F.O./E.A. and this new model 


Algorithm easily implemented for finite difference and finite element discretization 
Algorithm available for both steady state and unsteady problems  
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The Reynolds equation is written for a model device with a small gap h(x1,x2) in which the 
upper part is fixed and the flat lower part has a constant velocity u along the x1-main 
direction. Neglecting variation of the temperature, viscosity µ and density ρ are assumed to be 





































            (2) 
Although this equation is written for transient situations, it will firstly be considered  for a 
steady state situation, so neglecting the time derivative term. Dynamic aspects will be treated 
in section 5 . 
The cavitation phenomenon is implicitly contained in the density-pressure relation in the 
context of the vaporous cavitation. Three distinct regimes are considered: one of pure vapour, 
4

one for pure liquid and one of mixture. The input data are: the velocities of the sound, cv and 
cl , the density ρv and ρl and the  viscosities µv and µl in each of the pure regimes. From these 
data, it is possible to compute the transition pressure between these 3 regimes: pvm between 




























It is convenient to introduce the void fraction α defined by: 
   )/(( ) lvl ρρρρα −−=  


















































              (7)                                                  
A comparison of the present “full compressible” law with the one issued from the E.A./JFO  
model is given in  figure (1). It is clear that the graph of the present law can be very close to 
the one of J.F.O./E.A. and so are also the pressures. This is especially true  if the value pcav 
used in the J.F.O./E.A model is chosen close to psat .  In other words; the new model can be 
viewed as an approximation of the J.F.O./E.A model.  This assertion will be numerically 
studied in the following section 4. 
  




































































































































































































































































































































































































































































































0)1)((,10, =−−≤≤≥ θθ cavavc pppp   %&
!		+E	DCAABAA@BF(CBDB	FD+EA	BCEAAAC	A
EDA	BC		CFA3		ECA	BC,















AA0 ) * D%&	CB	A	BCBABD	A	6 7 DB	A	BC%&
B	A	BC		D	BD#β 6C	AAEDDEBAFED/B	F	D	A	CBA
/CBCE		CADD#DEBA	ACFBC !	F	C#AAABFD
E	C#B	F	D	AD%&	CE	DD	ABBDACAAED0 ) * BC%& 
-CAAA	C#BA0 ) * BD	C		ABCDADAABA	AA	BC
CBCBCBBAB	CABECB	AC	AD	ABDD






ρ%&Aρ	C	J infp Mρ%&AρD%. infp &8% cavp . infp &L ρ	C	 infp JJ cavp Mρ%&AρD	@' cavp %&
9

-C	 infp 	AABFBCFAC>C satp AB		 vmp  
GEABA	D		ABA	D	CA#	BCAB	FDBDEA	BCBA	D		AD#B	A
ABBEA%CBG	BABBBABCAB	+E	ABBEA@B&
@BA kkabD ,infkk, /)( ρ+ %"&
@BA )/)(
,kk, kkl abD ρ+ %"F&

















AC	A	BCE@AA> 9FC@A> >FC#	C	C!FD !	B	A	E
ABFA	CDD#	BC 
!EDDD		AD#B	AFCD	E	C#1E.2	DBDA	BCBE	A












































µ%@ & µD%@ & %8& D%8& ρ%/#8& ρD%/#8& ;%& %& 	C%&





















































































 :9 " >>>
>>> "  > >9 > >9  9>
."










>> 4 > >9 > >49 >> >
>> ?  > >9 > >9 9"> >>
































.!B		BCAB		A0 ) * 86 7 BDE	C#D	CD%"& -CA	AB	A	BCD
A	CCρ	CC =	BEB	BBB	CB	CAAB	CA> ::
A-CADAAD	CC	A.EEFAC	CCA	DBABAA	D






































)EDDB	FD > >: > > > 4  4 > >?: > >4> ?9 :>>
;	C
7B	A	BC%&
> >: > > > "  " > >?: > >4>? "" "4
;	C
B	A	BC%&
>  > > > "  " > >?: > >4>" "? :
;	C
B	A	BC%&
> >: > ":: > 9>  " > >?: > >4>? 4 "4
;	CB %&
%0)*867BD&
> > ":: > 9>  " > >?: > >4> 4 "4
;	C
B	A	BC%"&
> > "" > "4  " > >?: > >4> ? "4



































)EDDB	FD > >: > > > 4 9 : > : > > > 9>>
;	C %& > >: > > > " 9 " > >4 > > 9 4
;	C
B	A	BC%&
>  > > > " 9 " > >4 > > 9>: >>
;	C
B	A	BC%&
> >: > ":: > 9> 9 " > >4 > > 44 "
;	CB	 %&
%0)*867BD&
> > ":: > 9> 9 " > >4 > > 44 "
;	C
B	A	BC%"&





















B	A	BCBA0 ) * 86 7 BD !	EDACE	DDEA		ABB	D		A






















B	#E?&CBC.CE%	#AC	B	#E?&	F =	B	AµDA> >@  
(BDB#	DAEAAAA> 9FCA> >F
!BDEA	BCBA0 ) * 86 7 FC	ABEA%DDE	ABCA	CEBED	CBC)	#?& 
!CAD	C	$B	FDBDFCBEA%DDE	ABAAD	C&	A







BB	C#	CA> "F%:>PBADEBA&DABBDEA	BCDBABA0 ) * 86 7 BD
C	CA	#CAABAF	C# !	C	DE	> "?F%BCD> >FFDBA
AEA	BC	BC& 7ADABB	C#	CA> ::ADABBDEA	BC	CA	DABABCBA












[ ] [ ]


































































































































































)(12/)( pp µρ BADAC	BA	+EA	BC,
)B	A	A	CC{ }np 	AD		AACAB	C	C	AB+EC{ }mnp , E
AABBCCA{ }mnkp , 		CF,
[ ]






















































































































, /)(/ ρ+= %&
I	A,
[ ] [ ]





























































































































AB	A0 ) * 86 7 BD 
" BE	DD
!	 D  FC BB F *ACE C <BCCE 	C : C  FC DB E F
1	B	C	CDD,!B	#	DA	C	C	ADD#AFA	C	DBB	DCEDD


















 FC  	A A D	C	$ EDD B	FD BD %"& 	A AA> 9 F 	CA> ::A




	C  AA	AC ABBFA	C#BBB	A	BCBAABDEA	BC EAF
>

DD )B5A>>A	ADDAC> >>	C ;AECA	BCDBAAAE
BAC	AEAFBABA	BCA		BFA	CB5'>>	CBCDBCA	A 
! BDDB	C#+ECB 	#E %:&%>&%&	F B A	A	C	EE
	EECDBBA	ABBCD#B	AABD	C	$B	FDBD%

















*)1(*Prop2 −−+= mkmk pp ωω 
! BA	E DE B A A ω  	 CA	DD ECA	BC B  A CEF B B5  
	DDEAA	C!FD9C? !AFD#	ACEFB	AA	BC+E	ABBFA	CDA	
B B  >
.?
 B A E A	D B D C D   ECA	BC B A


















A 	CBACEFB 	AA	BCCF 	BACAC DAB	#CA+EC 
)BA	D E 	A 	 CBAC AB BEAAD ABA	DA , -C D A
B	ω A 9#	#BB	BCA	CBEAA	BCDA	BDD/	CB	A	$A	BCK 
.)B.	C	BCDBFD%D&CBABCDAABADCEFBCB	 	BACAFEADB
AA	BBACB	CBA	A	BC !CEFB	AA	BC		C	DAA	BBA
	A	$DCA,∆ 8∆ 	 A  A A	B, @	A8	AB AF	C#  !	 	 CBA




B5A ">9 %A	B∆ 8∆A"& 	 	 A BA	D A	B  !	 	 E AB A C	BAB B A
BFD !B6	DD	CA	AAC	CABCBC 





5A>> 4" # : 94? " '>>>> >P "P
5A>> "?9 ? 4 ##$ 4> '>>>>  "P 9P
5A9>> '>>>> 4: :4 "9 C%# '>>>>  P P





















6D ω A ω A 9 ω
A 9"
ω A ? ω
A ?





5A>>> 9?" 44 94 " :  C  "P P
5A">9 ? > ? >? > # : 	 P "P
5A>>> "4 > " C C ? 	   P 4P
5A4>>> '>>> 99 "? :4 ?" " 4" &%  P > "P
5A">> 9?> 94 >" " > :9 C$ 	 > 9P P






















7 Conclusion: The fully compressible model recently proposed to deal with vaporous 
cavitation is very close to the usual mass flow conservation Jakobson-Floberg-Olsson/Elrod- 
Adams model.  However it  is easier to solve due to the fact that positivity of the pressure is 
not required. Two algorithms are proposed for this new model. A first one which is based on a 
sequence of resolutions of linear systems requires a relatively great number of nodes to 
prevent oscillations. A second one, although retaining the non linear aspect of the problem is 
9

easy to implement. It is very similar to the well-known Christopherson algorithm with a 
Gauss-Seidel over relaxation parameter. The most important feature is that the non linear 
discrete equation can be exactly solved at each iteration. Introduced first for steady state 
problem, it is shown how it can be extended to unsteady problems. Moreover it can be also 
used to solve the J.F.O./E.A. cavitation model by approximating the J.F.O./E.A density-
pressure curve by a linear approximation. The time computation can be greatly reduced by 
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